Regarding sex estimation on human skeletal remains, the current trend in forensic anthropology is towards creating national standards, as population-specificity of discriminant functions is now a known fact. Also, over the last period of time, discriminant function analysis of osteometric data has become the method of choice in forensic anthropology, as it renders high accuracy results, superior to those obtained by visual shape assessment or direct metric comparison.
D iscriminant function analysis for sex estimation on human skeletal remains has become a method of choice over the last period of time, as many researchers have studied its usefulness all over the world [1] [2] [3] [4] [5] [6] [7] [8] [9] , obtaining better accuracy rates than direct comparison of the measurements. Moreover, several debates recently have emerged and increased over the appropriateness of the term "race" and its usefulness in forensic anthropology context. Brues [10] raised since 1992 the issue of a potential advantage of small population studies instead of fitting the criteria within racial classifications. The debate on this subject (racial naturalists vs. social constructionists) still continues, with more or less pertinent arguments on both sides [11] [12] [13] [14] [15] [16] [17] , but the issue of population over race cannot be denied. In addition to that, it is now a well-known fact that the discriminant function is population-specific [18] , therefore the current trend in forensic anthropology is towards developing national standards, based on studies that can produce population-specific discriminant functions which in turn will allow optimal accuracy of sex estimation on that particular population.
Considering the above, we have conducted a study on a series of Romanian skulls, in order to assess the sexual dimorphism of Romanian population, compared to other European and worldwide populations. In this article we present only the results for cranial measurements, as we have already communicated the results from the mandible measurements within the previous journal issue [19] .
MAteRiAlS AnD MethoDS
The study presented herein was performed on a number of 200 adult Romanian crania of known sex and age (100 male, 100 female, with a mean age-at-death of 39 years and age range from 20 to 86 years) selected from "Rainer" osteological collection [20] , housed at "Francisc Rainer" Anthropology Institute of the Romanian Academy, in Bucharest. Rainer's osteological collection was established between 1920 and 1945 (last skulls were collected in 1956) by Professor Francisc J. Rainer (human anatomy professor at Faculty of Medicine, Bucharest) and consists of about 6800 skulls, of which 3585 are inventoried. However, the collection is insufficiently known and used, although it is the largest one of this kind in Europe and the only one in Romania.
Selection criteria of the studied cases included absence of autopsy artefacts (such as sawing of the cranial vault), absence of erosions, alterations or pathological deformities, as well as the integrity of alveolar margins of the maxilla.
Based on the standard cranial landmarks listed in Table 1 , we have taken 11 cranial measurements, according to Buikstra and Ubelaker's standards for data collection [21] : cranial lenght (CRL, g-op), cranial breadth (CRB, eu-eu), cranial height (HCR, ba-b), cranial base lenght (BCL, ba-n), bimastoid breadth (MAST), foramen magnum lenght (FML, ba-o), facial breadth (ZIG, zy-zy), upper facial height (HFS, n-pr), nose height (HNAS, n-ns), orbital breadth (LORB, d-ec) and orbital height (HORB). Although one of these measurements (bimastoid breadth -taken between the apices of the mastoid processes) is not listed as a standard cranial measurements, we have noticed that it is a fair descriptor of the cranial base breadth with the advantage of being well-preserved in many situations in forensic anthropology context, even on some fragmented crania.
The collected data were subjected to statistical analysis using SPSS 17 software, specifically correlation analysis and stepwise discriminant function analysis. The results were cross-validated using "leave-one-out" method to ensure their validity and usefulness outside the reference group on which they were calculated. 
ReSultS
A direct comparison of the collected measured data depicted in Table 2 shows a significant difference in size between male and female crania, especially regarding facial breadth, bimastoid breadth and cranial vault length and height. Those measurements are also best correlated with sex (Pearson's correlation coefficient of 0.7 for facial breadth and over 0.5 for five other measurements).
Regarding discriminant function analysis, we have computed functions for all cranial measurements as well as for cranial vault (neurocranium) and facial measurements separately. This analysis is especially useful when dealing with fragmented or eroded crania, as often is the case in forensic anthropology. The results are presented in Table 2 and Table 3 .
Stepwise analysis performed on all variables has produced a function (F1) based only on 4 measurements: cranial length, cranial height, facial breadth and nose height. This discriminant function has an overall sexing accuracy of 88% after cross-validation and has no sex bias (accuracy differs only by 2% towards female group). When entered alone, cranial vault measurements provided a discriminant function (F2) with an overall sexing accuracy of 81%, with the disadvantage of being sex biased towards the female group (85% correctly assigned within the female group, compared to 77% for the male group). Facial measurements analysis rendered a function (F3) with better sexing accuracy (83.5%) compared to cranial vault measurements discriminant function, and less sex biased (5% more accurate for the female group).
Single variable discriminant functions were also computed. The accuracy results presented in Table 2 ranged from 83,5% for facial breadth to 57% for orbital height. Most of the measurements have provided functions with sexing accuracies between 71,5% and 77,5%, except cranial breadth (66% correctly assigned), foramen magnum length (67%) and upper facial height (68,5%).
DiScuSSion
Based on the results presented above, we can conclude that Romanian population has a pronounced sexual dimorphism. Obtaining sex estimation accuracies of over 80% even for fragmented crania and single variable function, as well as computing a function based on 4 measurements that can correctly assign 88% of the cases are strong indicators that support this conclusion.
Some measurements are more suitable for sex estimation than others. On this aspect, we can note that the most sex-discriminating variable in our study was facial breadth, followed by cranial height, cranial base length and orbital breadth. Other measurements, such as orbital height, are not useful in sex estimation, whereas some of the measurements (cranial breadth and foramen magnum length) have limited utility. In this respect, we consider there is another aspect worth mentioning: the usefulness of bimastoid breadth as an indicator of transverse size of the cranium. As shown in the results, the accuracy for the function calculated on this measurement was 73%, better that the function for cranial breadth. Therefore, we consider bimastoid breadth to be a more significant measurement for sex estimation than cranial breadth. Concerning the analysis of cranial vault measurements and facial measurements separately, we have noted a better sexing accuracy for facial measurements' function computed from 4 facial measurements (facial breadth, orbital breadth and height and nose height). Removing facial breadth from analysis has lead to a drastic decrease in accuracy rate to 77%, therefore we can speculate that most of the discriminant power of this function is supported by facial breadth.
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The discriminant function computed from cranial vault measurements gives a very good sexing accuracy, being however sex-biased (7% difference in accuracies noted between male and female groups). Hence, the conclusion is that the cranial vault for this population has a slight tendency towards the female group characteristics and the accuracy rates obtained for this function need to be accepted with caution. However, the results obtained for these functions are encouraging, given the quite large number of fragmented crania encountered and assessed by the forensic anthropologist.
A comparison of our results with the results communicated by other authors [22] [23] [24] [25] [26] has shown many similarities, especially with respect to discriminant functions accuracy rates. For example, all the previous studies we analyzed have found facial breadth to be the most discriminating variable, with sexing accuracies of single variable DF ranging between 78% and 85%. Overall sexing accuracies were between 80% and 90% on intact crania and 75-85% on fragmented crania, results that are similar to those noted in previous studies and anthropology books [4, 7, 9, [27] [28] [29] .
Regarding the differences from other studies, we noted that the facial region of Romanians has better dimorphic traits than the cranial vault. Also, if we look at measurements values as indicators of cranial morphology, we can conclude that Romanians have brachycephalic (shorter and broader) crania compared to other populations, with almost no metric differences of facial measurements.
concluSion
Summarizing the above, we can conclude that Romanian crania present a well-defined sexual dimorphism, similar to other European populations, as well as some specific cranial traits (brachycephalic trend). Also, we hope our study can contribute to further population data studies, or even to a craniometric metaanalysis on European populations.
